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THE FIXATION OF / ATMOSPHERIC NITROGEN. 

BIRfiELAND-EYDE. PROCESS. 

MORE than a hundred years ago, Priestley and Caven
dish observed that the oxidation of atmospheric nitro
gen took place on heating in an electric flame, and 
men like Sir William Crookes and Lord Rayleigh have, 
with others in recent years, given valuable contribu
tions to the subject. With r'eSpect to later experi
ments before those of Birkeland and Eyde, which are 
of a more practical' nature, the work which Lovejoy 
and Bradley have done should be mentioned as very 
important. Time will not admit of entering into the 
details of the various systems. In shortly describing 
the difference between previous methods and that of 
Birkeland-Eyde, it must suffice to say that the latter 
have applied large quantities of electric energy in the 
electric arc, and have found out the best method of 
doing this, while it was previously believed that it 
was small quantities of energy that gave relatively 
the best results. It is on that assumption that the 
apparatus employed by them was constructed. Thus 
the invention ()f Btrkelami"Eyde completely revolution
ized the theory of the process of atmospheric combus
tion. 

BY SAM EYDE. 

By bringing great, quanti ties of energy into the elec
tric arc, and finding the most suitable electric condi
tions and most serviceable types of furnace, Birke
land-Eyde created the synthetical nitrate industry. 

ACID-PROOF RECEPTACLES INTO WHICH VAPORS PASS. 

I venture here to express my belief that, however 
many systems may be discovered in the future, and 
whatever improvements any of these systems may 
effect, with regard either to the product or the method 
of production, they. will all, in a greater or lesser de-

of the electric flame being formed between the points 
of the electrodes, which are close to each other. By 
this an easily movable and flexible current is estab
lished, which, with the arrangements made, will be 
found in a highly magnetized field. The electric arc 

'.rHE ARCS ARE FORMED IN FLAT IRON DRUMS. 

gree, employ large quantities of energy in the electric 
arc. 

In order to explain the Birkeland-Eyde method, it 
h; necessary first to describe the flames, consisting of 
arcs of light, which are used in the electric furnaces. 

The formation of the flame occurs through an arc 

that has been formed, moves on account of this mag
netic field with great velocity perpendicularly to the 
lines of force, and the electric arc's foot draws back 
from the points of the electrodes. When the length 
of the electric arc increases, the electric resistance 
becomes greater and the tension increases, until it 

ABSORPTION SYSTEM OF STONE TOWERS FOR PRODUCING NITRIC ACID. 
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becomes so great that a new electric arc starts from 
the points of the electrodes. 

To regulate the current, an inductive resistance is 
used in series with the flame. With alternating cur
rent, alI these arcs are formed in opposite directions 

'.rHE OXIDIZING CHAMBERS. 

and appear to the eye to be circular disks. It appears 
that we have discovered in this flame a powerful tech
nical means for the oxidation of the nitrogen of the 
air. The flame in our furnaces burns with a steadi
ness that is really astonishing. 

On electrodes of 1.5-centimeter thick copper tubing, 
through which' water passes for cooling them, one 
can take up over 1,500 h()rse-power, with a flame 1.8 
meters in diameter. The chamber in which the flame 
burns is circular, of only a few centimeters width, 
and about 2 meters diameter. After the oxide of nitro
gen is formed in the furnace, it is converted in the 
oxidation tank into dioxide of nitrogen, and in the 
absorption towers into nitric acid. 

From furnaces no larger than could be held in the 
hand, and which took an energy of some few horse· 
powers, we have attained to types which can, as men
tioned, take an energy of more than 1,500 horse-power, 
and from absorption apparatus of glass globes of a few 
liters capacity to absorption towers of granite with a 
capacity of 600 cubic meters each. We have in the 
course of this period of developing our method had four 
experimental stations. ,The first attempts were made 
at Frognerkilens factory in 1903. As we could not 
obtain more than 20 kilowatts of electric energy there, 
the experimental station was removed in October, 1903, 
to a building of our own on AnkerlOkken, with power 
from the Christiania municipal electric power station, 
and, to obtain still more power, to Vasmoen. near 
Arendal, and later' to Notodden. 

THE FURNACE HOUSE. 
The building in which the furnaces are placed has 

a floor surface of about 2,000 square meters. It is en
tirely constructed of masonry and iron. In the base
ment are- tubes for admitting the air and others for 
carrying off the gas. The power from our station at 
Svrelgfos is brought in hy 18 copper wires, each 12 
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millimeters in thickness. When these have been 
brought into the furnace house, tHey pass through 
oil-cooled current converters. In order to be able to 
supply each furnace with the amount of power de
sired, each is furnished with an induction coil, by 
means of which the power is regulated as· required. 
The induction coil serves, moreover, to make the flame 
in the furnace steady and even whil� working. Of 

the 36 furnaces installed, 32 receive" their power from 
Svrelgfos and 4 from Tinfos power station. 

The flame cham bet' of the furnace is formed of fire· 
clay brick, through the walls of which the air is con
veyed to the flame. The nitrous gases formed in the 
flame escape through a channel made along the cas· 
ing of the furnace, which, like the flame chamber, is 
furnished with fireproof lining. 

With this furnace we have achieved such steady 
working, that it burns for weeks without any regula' 
tion worth mentioning. It may further be stated. 
that the maintenance of the furnace and its repair are 
simple to a degree, as the most exposed portions, the 
electrodes, only require to be changed every third or 
fourth week, and the fireproof masonry every fourth 
to sixth month. 

The temperature in our flames exceeds 3,000 or per
haps 3,500 deg. C. The temperature of the escaping 
gases may vary between 800 and 1,000 deg. during ordi· 
nary working. The furnaces are made of cast steel 
and iron, the middle of the furnace being built out to 
a circular flame chamber. The electrodes are led 
radially into this flame chamber. By aid of centrifu

'gal fans, the air is brought into each furnace through 
tubes from the basement. 

When the air in the flame chamber' has been treated 
by the electric flames, the nitrous gases formed pass 
out through a channel built along the caSing of the 
furnace and thence out tht'ough the lower part of the 
furnace to two fireproof-lined gas·collecting pipes, 
about 2 meters in diameter', which convey the gas 
through the basement out to the steam boiler house. 
In the boiler hbuse, the gas passes through four steam, 
boilers, in which the temperature, which was, as men
tioned, 1,000 deg. C., is reduced. The heat given off 
by the gas is used for concentrating the products, and 
in the winter time for warming the factory buildings. 

The steam produced in the boilers is utilized in the 
further treatment of the products. In the boiler house 
there are also two large and two small air compres
sors, which supply compressed air for ,pumping acids 
and lye in the factory's various chemical departments. 

The gases pass on from the steam boilers through 
an iron pipe into the cooling house, with the object 
of completing the cooling commenced in the steam 
boilers. This cooling is necessary in order to obtain 
a suitable absorption. Each cooler consists of a great 
number of aluminium tubes, over which cold water 
runs, while the hot gases pass through them. Thl:' 
temperature of the gas is considerably reduced. From 
the COOling chambers the gases go on to the oxidation 
tanks. 

These oxidation tanks are vertical iron cylinders, 
lined with acid-proof stone. The object is to give the 
cooled gases a sufficient period of repose, in which the 
oxidation of the oxide of nitrogen may have time to 
take place. The necessary amount of oxygen is pres
ent in ample quantity in tIle air which accompanies the 
gases from the furnaces. From the oxidation tanks 
the gases are led into the absorption towers. All the 
towers are filled with broken quartz, which is neither 
affected by nitrous gases, nor by nitric acid. To assist 
the passage of the gases on their way from the fur
naces, there are centrifugal fans, constructed of alumi
nium, on each row of towers. 

The gases enter at the base of the first tower" go 
up through the quartz packing and thence by a large 
earthenware pipe enter the top of another tower 
through which they pass downward through the 
quartz to the bottom of the third tower, and so on, 
until the air, relieved of all nitrous gases, leaves the 
last tower. Water trickles through the granite towers 
and this is gradually converted into a weak nitdc 
acid, while the, liquid used in the wooden' towers is a 
solution of soda. The absorbing liquid enters the top 
of the tower and is distributed in jets by a series of 
earthenware pipes, so that the permeating gases come 
in immediate contact with the absorbing liquid. In 
the granite towers nitric acid is thus formed, and in 
the 'wooden towers a solution of nitrate of soda. 

The liquid emerges in a constant, even stream from 
the bottom of the towers, that from the granite towers 
running into a granite cistern. Hence it flows into 
the "montejus" which serve to pump up the acid, which 
has to pass repeatedly through the tower before it 
has become strong enough for the purpose for which 
it is intended. The "montejus" are of stoneware 
strengthened with iron shields, are worked by com
pressed air, and send the acid up into large stoneware 
jars. From these jars tbe acid again runs through 
the towers as described. The "montejus" work auto
matically. The wooden towers are percolated, as 
�Iready mentioned, by a solution of soda, otherwise 
the whole process is practically similar to that in the 

granite towers. The solution of soda, owing to its far 
greater power of absorption, effects the separation of 
the last remains of nitrogenous gases from the_accom· 
panying air. Of the entire quantity of nitrous gases 
passed through the absorption system, about 97 per 
cent is absorbed. The finished nitric acid coming 
from the towers, which has a strength of about 30 
per cent by volume, is collected in granite cisterns, 
from which it is drawn to what is called the "disso
lution works." These consist of granite vats filled 
with limestone, over which the acid Is poured. This 
drives off, with violent effervescence, the carbonic 
acid contained in the limestone, while the nitric acid 
takes its place and forms a watery solution of nitrate 
of lime or calcium nitrate. This solution of nitrate 
of lime Is now pumped into vacuum eVaporating ap. 
paratus. The object of boiling in vacuum is the well. 
known fact that great saving is thereby effected in. 
the heat required. 

The steam required for the evaporization is obtained 
from the steam boilers, heated, as before mentioned, 
by furnace gases. The concentration ot the nitrate 
solution in the evapol'izing plant is continued until 
the specific Weight of the liquid at a given tempera. 
tut'e shows a content of 13 per cent of nitrogen. Tbis 
solution is then sufficiently, evaporated, and can be 

pumped up into the 8Oiidification chambers. Thel':e are 
fitted with shallow iron pans, undet, which cold air 
is pumped to accelerata cooling. After some time the 
nitrate stiffens into a brittle, crystalline mass, hard 
as stone. This is broken up into lumps, and' is taken 
into the crushing machines., These consist of ball 
crushing mills, which reduce the mass to a granulal' 
state. The coarse 'powder so produced is raised byele
vator tb a vat, from the bottom of which it is tapped 
into casks bolding 100 kilos net weight. 

Tbe barrels are made at our own cooper shop and 
are lined with paper to guard against damp. The 
color of the product depends on the limestone used 
in the manufacture. The nitrate of lime is used In 
various chemical works as well as for manure, the 
only difference being that, for the former purpose, 
the product is not ground fine, but is run direct in 

THE ELECTRIC ARC FLAME AND WATER-COOLED 
ELECTRODES. 

tbe liquid state into thin iron drums. in which it 
stiffens into a solid mass. 

THE ,MANUFACTURE OF NITRITE-NITRITE OF SODA. 

It now remains only to mention the further treat
ment of the nitrite formed in the alkaline towers. 
When this is pumped away from the towers, it con
tains, beSides nitrite and water, also some nitrate of 
soda, and bicarbonate. 

The further process is designed to separate the 
pure nitrite from the other substances. This is accom
plished by first boiling away some of the water, which 
is done, as in the case of the nitrate solution, by 
steam from the steam ,boilers, beated by the furnace 
gases. The nitrite solution, concentrated to a suit
able bOiling state, is run into crystallization pans, in 
which the crystallization of the nitrite takes place. 
The crystals are separated by centrifugal means and 
are conveyed by a screw transporter to a drying appa
ratus, where they are subjected to a current of hot 
air. T'he finished product is then run into casks con
taining 300 kilos each. These are likewise made in 
our own shops. This nitrite of soda is used as the 
raw material in the manufacture of certain kinds of 
aniline colors. The manufacture of nitrite is carried 
on in a special building. 

In tbe entire process of manufacture, both of nitrite 
and nitrate, no coal is used; all the machinery is 
worked by electric power, and for heating and evap
orating the nitrate and nitrite solutions, the only 
steam employed is that obtained by the hot gases pass
ing through a system of steam boilers. 

We are, moreover, in our industry, not confined to 
the two products hitherto mentioned, nitrate of lime 
and nitrite of soda; we have possibilities for the de·' 
velopment of a whole series of new industries, of 
which I will specially name the production of nitric 
acid, nitrate of ammonia, nitrate of potassium, and 
otbers. 

We have succeeded, in conjunction with the Nobel 
(nitro-glycerine, etc.) Syndicate, in concentrating our 
weak acids, by means of gases from our furnaces. to 
acids of a high percentage which can be transported. 
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AGRICULTURE-TRIALS wITH NITRATE OF LIME. 

In recent years a number of well-known men and 
institutes connected with agriculture have undertaken 
numerous experiments for the purpose of testing the 
effect of the nitrate of lime under various climatic 
and other conditions and on various kinds of soil. 
These trials have been made in Norway, Sweden, 
France, Germany, Austria-Hungary, Italy, and also 
in the United Kingdom. 

All the experiments have fully confirmed the expec
tation which was held forth by men of science when 
this new manure first appeared, viz., that one pound 
of nitrogen in the form of nitrate of lime has the 
same effect, both in quality and quantity, as a simi
lar amount of nitrogen in the shape of nitrate of soda, 
or, in other words, that nitrate of· lime is equal to 
nitrate of soda as a manure. 

At times variations may be observed one way or 
another, in one case in favor of the nitrate of soda, 
in another in favor of nitrate of lime. But eSpecially 
in soils deficient in lime, the nitrate of lime has 
proved superior. 

A number of agricultural chemists have conducted 
pot·experiments to compare nitrate of lime with ni
trate of soda. I may name among others: Prof. Sebe
lin, the College of Agriculture, Aas, Norway; Dr. E. 
Solberg, head of the Agriculture Experiment Station, 
Trondjhem, Norway; Prof. SOderbaam, Sweden; Prof. 
Paui Wagner, Darmstadt, Germany; Prof. Th. Schloe
sing, Jt'., Paris; 'and Mr. James Hendrick, chemist 
of the Highland Society of Scotland. 

They all affirm that the nitrate of lime has proved 
to be fully equal to nitrate of soda as a manure, as 
long as the same quantities of nitrogen ar'e employed. 
Prof. Wagner adds that the nitrate of lime is prefer
able on soils that are deficient in lime. 

Tbe field experiments are of still more practical 
importance, and a number of such have been made in 
various places in different countries. Especially ex· 
tensive and exact field experiments have been made in 
the Scandinavian countries. 

Norway.-Prof. Bastian R. Larsen, conductor of ex
periments at the Norwegian College of Agriculture, 
has, from 1904 to 1908, carried out a series of the 
most careful experiments to compare nitrate of soda 
with nitrate of lime. 

Several parallel trials have been made each year, 
some on the college grounds, some on land in various 
parts of the country. 

Putting the results for ordinary manuring with ni
trate of soda at 100, the results for similar manuring 
with nitrate of lime have been: 

Potato crop, 1904 . . . . . • . . . . . . • . . . . . • . . . .  146.3 
Potato crop, 1905 . . . . . . . . • . . . . . . . • . • • . . .  100.9 
Potato crop, 1906 . . . . . . . . . . . . .. .. �. . . . . . 9 7.1 
Potato crop, 1907...................... 109.3 
Potato crop, 1908 . . . . . . . . . . . . . . . . . . . . . .. 100.0 
Green fodder on marsh land, 1906 ...... 106.1 
Top dressing on meadow, 1908 . .. : ...... 100.3 

The professor concludes with the words: "The ex
periments referred to appear, on tbe whole, to dem
onstrate that the nitrogen in nitrate of lime is equally 
valuable as the nitrogen in nitrate of soda." 

Denmark.-In Denmark a series of experiments has 
likewise been carried on for the purpose of comparing 
nitrate of soda with nitrate of lime. The Sealand 
Farming Associations have carried out 3 7  different 
trials on a number of farms. Putting the results for 
ordinary manuring with nitrate of soda at 100, the 
results with nitrate of lime are: 

Experiments with -
Grain. 

Rye (190 7) ................ 105.5 
Oats (1907) ................ 103.3 
Barley (1907) • • • • • • • • • • • • •  99.9 
Barley (1908) • • • • • • • • • • • • • •  99.7 

Beetroot (1907) • • • • • • • • • • • •  
Beetroot (1908) ........... . 
Sugar-beets (190 7) . . . . . . . • •  
Sugar-beets (1908) ........ . 

Straw. 
101.0 
100.5 

98.4 
104.1 
Roots. 
9 7.0 
98.S 

101.1 
96.6 

Nitrate of lime has thus in some instances been a 

little below nitrate of soda, in others a little above. 
Sweden.-The DJrector, Herr P. Bolin, gives , the 

following account of local farm trials (practical cul
tivation trials) made by the Husballnings Association 
in Sweden. 

Putting (as before) the effect with nitrate of soda 
at 100, the results with nitrate of lime were: 

Grain. 
Experiments with oats in 1904.. . . . . •  104.5 
Experiments with oats in 1905 ....... 13 7.5 
Experiments with oats in 1906 . . . . . . • 10;).0 
Experimen:is with hay in, 1906 . ...... . 100.9 

Straw. 
118.0 
100.0 

93.4 

In these' experiments nitrate of lime proved con
siderably superior to nitrate of soda. 

Tbe director states respecting a number of experi
ments with roots in 1906: "Apart from some irregu
lar instances the experiments made with roots 'appear 
to confirm the observations which have previously been 
made by ourselves and others." 

The United i[ingaom.-The average results of three 
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trials o f  nitrate o f  lime with oats made by Mr. James 
Hendrick, chemist of the Highland and Agricultural 
Society of Scotland, have been: 

1. 
2. 
3. 

4. 

5. 

No manure • • • • • • • • •  $ • • • •  
Phosphate and potash only 
Same as 2 with nitmte of 

soda 
Same 

. .. ... . .. .... " .... .  
as 2 with sulphate 

of ammonia .. ........ " 
Same as 2 with nit�ate of 

lime ............... .... 

,--Yield per Acre� 

Grain. r--Straw--.. 

Lbs. Cwt. Qr. Lbs. 

2,34 8 33 0 21 
2, 532 3 7  1 6 

2,774 41 3 1 

2,774 41 3 24 

3,121 43 1 13 

In these experiments nitrate of lime proved can· 

siderably superior to nitrate of soda. 
Experiments with oats at the West of Scotland Agri. 

cultural College by Prof. R. Patrick Wright. 

AVERAGE OF TWO TRIALS. 

Yield per Acre. Ratio. 

Grain . Straw. Grain. Straw. 

Lbs. 'r'. Cwt. Qr. 
Experiment of lH07: 

Nitrate of soda ......... .. 1890 12 lro ]r() 
Nitrate of lime .. '" . ...... 240 10 108 93 

Experiment of 1908: 
Nitrate of -soda. . .. . ... . .. 217"'7 2 3 WO 100 
Nitrate of lime .. ' 3121 2 1 117 107 

In both instances here quoted, nitrate of lime has 
thus shown itself to be superior to the nitrate of soda 
as a manure for oats, when the same quantity of nitro· 
gen is employed, especially when the chief object is 
the weight of, grain. 

Experiments on roots at University College, Read· 
ing, by Prof. John Percival: 

Yield. 

1. Nitrate of lime, 1Jf2 cwt. per acre . . . . . . .  37 tons 
2. Nitrate of soda, 1Jf2 cwt. per acre ....... . 36 tons 
3 Sulphate of ammonia, 1 Jf2  cwt. per acre .. 32.5 tons 
4. No manure ................... '" ...... 2 7.75 tons 

It should here be observed that the largest crops 
have been obtained with the use of nitrate of lime, 
even when the same gross quantities have been em· 
played, notwithstanding that the nitrate of lime only 
contains 13 per cent of nitrogen against 15 per cent 
in nitrate of soda and 20 per cent in sulpl;late of am· 
mania. 

Experiments Made by Prof. B. W. Bull, of the Essex 
Education Committee. 

Mangold Experiments, 1908. 
Tons. Cwt. 

1. Dung, superphosphate and nitrate of lime .. 29 12.8 
2. Dung, superphosphate and nitrate of soda. . 28 3.6 
3. Dung, superphosphate and sulphate of am· 

mania . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 7 

. A Trial of Slag, as a Spring Application. 
Ton's. Cwt. 

1. Dung, superphosphate and nitrate of lime . .  22 15.7 
2. Dung, superphosphate and nitrate of soda .. 21 18.7 
3. Dung, superphosphate and sulphate of am· 

mania . . • . .  , . . . . . . . . . . . . . . . . . . . . ....... 19 2.1 

SVlELGFOS POWER STATION. 

SVlElgfos power station is about four and a half kilo· 
meters, barely three English miles, from N otodden fac. 
tories, on the Tinn River, which, by the regulation of 
the lakes Tinnsjoen and Mosvand, has been brought 
up to a constant supply of seventy-five cubic meters 
of water per second. 

The power station consists, in its main features, of 
a weir or dam, by which the water level has been raised 
17 meters (about 56 feet). 

A tunnel leads the water to the basin, whence it 
passes through four channels through the rock and 
lined with iron to the four turbines. 

The effective height of the fall is 46Jf2 meters
nearly 153 English feet. 

There are four turbines installed, each of from 10,000 
to 11, 750 horse-power, thus, under normal circumstances, 
yielding 40,000 to 45,000 turbine horse-power. 

The turbines are fitted with two wheels, to which 
the generators are coupled. The number of revolu
tions is 250 per minute. They are constructed by the 
firm of Voith in Heidenheim. 

The generators were built by the Allmanna Svenska 
Electriska Aktiebolag, Vesteras, are three,phased cur· 
rent machines, with fifty periods per second, six hun· 
dred amperes per phase, and a tension of ten thousand 
volts, delivered directly upon the iine. 

The power is c.onveyed to Notodden by three trans
mi�ting cables, each of six wires, and a fourth cable 
will shortly be added in order to utilize the power 
more completely. 

The power station is erected in the bed of the river 
itself close in under the almost perpendicular western 
bank, and all the materials had to be lifted by cranes, 
fifty meters up or down. The heavy portions of the 
machinery were carried over to the power station by 
the aid of a very powerful aerial ropeway, stretched 

from the road on the east side of the river to the edge 
of the precipice. 

This power station is of considerable interest, not 
only as being the largest water-power station in Eu
rope, but on account of the plant there installed being 
doubtless the largest in the world at the present mo
ment . 

PUTTING A PIECE IN A BELT. 
ONE of the most annoying things which may happen 

to machinery is to have the belt run short, necessitat
ing either the substitution of a longer belt or the addi
tion of a piece. The belt's shortness may be due to 
two or three causes. Perhaps some poor unions have 
been made at the joints and these have broken under 

the running strain, causing the ends of the belt to tear 
and become disordered. The ragged end may have 
been trimmed off, thus shortening the belt. After the 
belt has been trimmed several times, as it will not 
stretch enough to make up for this loss of leather sur
face, the joint must either be expanded by letting out 
the laces, or a very tight belt must be run. 

Perhaps the piece is added. T'he belt cannot be run 
with the ends of the leather belting at the joint separ
ated a few inches to make up for the surplus torn edges 
which have been cut off, because the lace leather does 
not work well on the pulleys, nor can the break in the 
belt run smoothly. A very tight belt can never be run 
to advantage. One does not want to remove the belt 
just because it is a few inches short and put on an ex-

pensive new one of more length, so one usually puts in 
a piece. The illustrations are given to explain the 
process. 

Let us suppose that we have a belt of moderate speed 
and a fair amount of work to do. The union must be 
strong and even. We take the ragged edges of the 
worn belt ends in hand, and trim off the butts, using a 
square for the marking and a sharp knife for cutting; 
then we make our intersecting joining piece likewise 
square on the ends so that it will fit snugly and prop
erly. Next we punch the holes, having first lined the 
hole points with a ruler. The piece is then inserted 
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and the process of lacing may proceed according to any 
of the plans shown in the sketches. If we conclude to 
do the sewing on the plan exhibited in Fig. 1, we draw 
out our long lace leather and put the proper tapering 
points on the same to enable it to enter the holes read
ily. We can lace double or single, or adopt the single 
sewing system and double back. Supposing we inter
lock the lace as shown in No. L Then we drop to hole 
2 and up through 3. This gives us the grip required 
for holding the end of the lace leather. Then we lace 
to hole 4 and across underneath to 5, thGnce over to 
6 and out to 7, then back to 8 and over to 9 and Hl, 
and so on the other edge of the union. Just one half of 
the body of the lacing will be completed by this plan. 
Then in order to finish the other half, we simply work 
back through the holes on the same plan. This gives a 
strong union with the intersecting pieces fitted firmly 
in position. In the event that an extra amount of 
lacing will be required for heavy service, the trip over 
and through the lace holes may be repeated. 

Fig. 2 is another form of lacing in which th� crosses 
of the belt- are all on one side. This is more practical 
than the other method of union. In the first example 
there are crosses and straight laces on both Sides and 
no distinction can be made. 

It is far better to run the joints with the straight 
laces on the face of the pulley. Hence, if the laces are 
straight on one side and crossed on the others, as in 
Fig. 2, the belt can be adjusted more easily. In the 
formation of this union, the ends are prepared and the 
mode of lacing is similar except the dropping of the 
lace through, to make the crosses on the first sample, 
and the holes are punched. The lower side is changed 
so as to bring the crosses on the face of the sewing. 
We begin at hole No. 1, and go to hole No. 2, then paSd 
to 3, and thence to 4. We then pass the lacing to 5 
and 6, finishing that crossing at 7. We can run the 

lace back again by following the lay of the laces in the 
cut without further descrintion. 

There are also forms of inserting a piece of leather 
belting in a joint, by sewing with extended lace, as in 

. Fig. 3. It will be observed that the laces take a long 
jump from hole to hole. Some men prefer to use this 
wider expanse of lace leather. I find that some like to 
make the lace leather go as far as possible, and they 
economize space by shortening the laps, but it is better 
to be liberal in the distribution of the lace leather in 
making these types of joints. Therefore the extended 
lays of laces can be recommended for general surface. 
For exeeedingly high-speed belts, however, it would 
not be advisable to have so much lace leather exposed. 

I would not run into entangled lacing as in Fig. 4. 
I have seen belt-driving systems put out of effective 
running order due to the superabundance of lacing 
leather which is piled on to the laps. A sample of this 

. liind of reckless lacing is shown in the model men
tioned. 

A very plain, yet useful, method of inserting a sec
tion of a belt is shown in Figs. 5 and 6. It will not be 
necessary to go into the detailS of the insertion of the 
individual strands in these models, as the plan can be 
easily ,followed. There is a great deal of lacing em
ployed, because the laces are crossed and then passed 
over by the longer loops. The finished union is there
by rendered rather bulky. It might be better to omIt 
the crosses on the face. 

In Fig. 7 is another combination which attracted the 
attention of the writer. One may find some rather 
unique forms of lacing by traveling through shops. 
Almost every man has a way of his own. In the mak
ing of this joint (Fig. 7) , the plan does not differ ma
terially from the first one, except that there are crosSes 
made on the under side as well as on the upper side. 
This is done by redrawing the strands. A second trip 
has to be made. This method will result in an ex
tremely strong. joint, but it will not avail unless the 
leather in the belting is exceptionally powerful. The 
lace will pull out the edge of the leather wherever there 
is undue strain. Ordinarily this union is very satis
factory. 

We have the round belts to lace as well as the fiat 
ones, and our last example (Fig. 9) illustrates one of 
the round kind with a piece inserted. 

Drive punches must be used to insert a hole in the 
thick leather. These drive punches can be bought at 
any tool dealer's. Then cut the holes and insert the 
piece, and lace as shown in the drawing.-The Opera
tive Miller. 

A series of tests described in the Proceedings of the 
American Society of Civil Engineers by Prof. A. N. 
Talbot and Mr. H. F. Moore was undertaken with the 
object of dete.rmining the variations of longitudinal 
and lateral stress throughout the longitudinal elements 
of built-up steel columns, the amount and distribution 
of stress in the lattice bars, and the relation between 
the component parts and the column as a whole. The 
results throw some light on the question of the unity 
of action in built-up columns under load. In the ab
sence of twisting action it may be concluded that the 
integrity of the cross-section exists with reference to 

a plane parallel to the bracing, but the same unity -Of 
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